The clinical picture of retinal venous occlusion is well known to ophthalmologists, but no corresponding description of vortex vein (VV) occlusion in man is so far available. After completing our present experimental study, we carried out an exhaustive search of the literature which revealed some old accounts of experimental occlusion of the different VVs. These were mostly designed to produce experimental glaucoma ( We have produced experimental occlusion of one, two, three, and all of the VVs in rhesus monkeys and have studied their short-term and long-term effects on the eye by a detailed clinical examination, intravenous fluorescein angiography, histopathological studies, and perfusion of the ocular vascular bed with silicone rubber. Since the uveal vasculature in man and rhesus monkeys is identical, it can be assumed that the findings in rhesus monkeys will hold good in man. A clinical picture of VV occlusion, derived from these studies, is presented in this paper.
This was performed in all the eyes, and included a detailed slit-lamp examination in most cases.
(2) FUNDUS EXAMINATION This was mostly limited to the posterior part of the fundus because of the difficulty of examining the peripheral parts. In some of these, however, the equatorial part of the fundus was examined. Therefore the presence of fundus lesions in the equatorial part of the fundus in only a few eyes is to be judged in the light of this limitation, and does not represent the true incidence of such lesions. All the eyes were first perfused with gluteraldehyde via the common carotid arteries. Silicone rubber perfusion was carried out after this in thirteen eyes by a method already described (Hayreh and Baines, I972a) .
Observations OCCLUSION OF ALL THE VORTEX VEINS IN THE EYE (I 4 eyes)
Anterior chamber (AC) A hyphaema appeared in all the eyes, except four belonging to animals which were killed group.bmj.com on October 29, 2017 -Published by http://bjo.bmj.com/ Downloaded from less than half an hour after the occlusion. The start of the bleeding varied from a few minutes to about 3 hours after the occlusion. It came from the posterior chamber via the pupil and usually developed gradually to a total hyphaema which cleared in 2 to 5 weeks.
Slit-lamp examination in some of these eyes, before the hyphaema developed, showed a proteinous, gelatinous material filling the AC. On injection of intravenous fluorescein, a profuse leakage of fluorescein from the posterior chamber via the pupil into the AC was seen in all the eyes.
The AC was shallow immediately after occlusion because of the pushing forward of the iris-lens diaphragm (Fig. i a) . On follow-up of six eyes, no AC was seen in three when the hyphaema had cleared, because the iris was in contact with the posterior surface of the cornea; however, a very shallow AC was still seen in the pupillary region (Fig. ib) 
Cornea
In two of the eyes, in which the AC was absent, corneal stromal vascularization was seen to extend from the limbus towards the centre by radial vessels, with the central part usually not involved. Similar corneal vascularization was also seen in another eye with a normal AC.
Iris
The iris was hyperaemic soon after the occlusion. With the hyphaema it was not possible to assess the early changes in the iris. In three of the six eyes followed-up for 3 months, iris atrophy (involving half of the iris in two and the entire iris in one) was seen, with complete or partial anterior and posterior synechiae. In two of these three eyes, rubeosis of the iris was also seen.
Lens
Soon after the occlusion of the veins, the anterior lens surface was covered with proteinous material and/or blood. Later, a variable amount of dark brown pigmentary deposit was seen on the anterior surface in the pupillary region in almost all eyes and in one eye mainly on its posterior surface. In three eyes with posterior synechiae and absent AC, the lens became completely cataractous in less than 5 weeks (Fig. ib) .
Intraocular pressure (IOP) Immediately after the occlusion of the VVs, the IOP was invariably elevated, usually to about 40-60 mm. Hg. This rise in the IOP was not related to the presence of hyphaema. On the next day, the IOP was as high as or higher than the immediate postocclusion pressure. The raised IOP was associated with corneal epithelial oedema. Usually the IOP returned to near normal in about a week. This fall in IOP was progressive and reached its lowest recordable level 9 to Io days after the occlusion in eyes in which the AC was still present, but about 2 weeks after occlusion in eyes in which it was absent. After this period, the IOP slowly recovered in 5 to 6 weeks if the AC was present, although not quite to the normal level. If the AC was absent, there was permanent marked hypotony with unrecordable pressure.
Fundus
In eight out of the fourteen eyes (i.e. those without hyphaema), post occlusion examination of the fundus was possible. It showed no ophthalmoscopic abnormality in the posterior part. In the remaining six eyes, an early hyphaema obscured the view.
In six eyes followed for 85 to 98 days, fundus examination was possible in only three, with a hazy view in one (due to pigment deposit on the posterior surface). In the remaining three, the lens was completely cataractous. In one of the eyes with a clear view of the fundus, a chorio-retinal degenerative patch was seen to be situated just posterior to the equator at about 6 o'clock. No other abnormality was seen.
Fluorescence fundus angiography This was performed soon after the occlusion in eight eyes with clear media. In a normal rhesus monkey eye the choroidal vascular bed starts to fill before the retinal arteries, and the choroidal filling is complete by the retinal arterial or early arterio-venous phase. However, in these eyes with all the VVs occluded, the choroid did not start to fill until the retinal arterio-venous phase, or even much later (Fig. 2a, b) . The choroidal filling was very sluggish, so that the choroid had not filled completely even by the end of the retinal-venous phase. The temporal part of the choroid usually filled earlier than the nasal part (Fig. 2C) . The watershed areas between the distribution of the various VVs were the last to fill (Fig. 2C) . Frequently the region of the choroid drained by one of the veins filled earlier or later than the regions of other VVs.
On follow-up, in three eyes (two followed up for 85 and one for 98 days), in which fundus examination was possible at the termination of the experiment, fluorescence angiography revealed that the choroidal circulation was restored to normal (Fig. 3) , with a complete filling of the choroid by the early arterio-venous phase. In the eye with chorio-retinal lesions, destruction of the choroid and the pigment epithelium in the lesion was seen. No other abnormality was detected.
OCCLUSION OF THREE VORTEX VEINS IN THE EYE (in 9 eyes) Anterior chamber Bleeding from the posterior chamber into the AC was seen in four of five eyes followed-up for 24 hours or longer. This usually started within about an hour of the occlusion (in (b) Before the hyphaema appeared, and in eyes in which no hyphaema was seen, slit-lamp examination of the AC, soon after the occlusion, revealed proteinous material and gelatinous deposits. The AC was very shallow, with a narrow angle due to the forward displacement of the iris-lens diaphragm (Fig. ic) . There was a marked leak of fluorescein from the posterior chamber into the AC after intravenous injection of the dye. On followup, the AC returned to normal.
Iris
The iris showed engorged vessels in a few eyes and in one even small punctate haemorrhages.
Of the four eyes followed for 14 to 28 days, one showed sectoral iris atrophy with posterior synechiae; in the remaining eyes no iris abnormality was detected.
Lens
Immediately after the occlusion of the VVs, proteinous material was deposited on the anterior lens surface. The lens, in these eyes which were followed up for no more than 28 days, showed no cataractous changes nor any other abnormality.
Intraocular pressure Immediately after occlusion of three VVs, the IOP was elevated to about 30 to 40 mm. Hg, but not so high as after occlusion of all the VVs. The raised IOP was also present on the next day, but a week after the occlusion, the eye had gone very soft. A week later the IOP had started to recover slowly but when seen 3 to 4 weeks after the occlusion, the eyes still had a low IOP (about IO-15 mm. Hg).
Cornea
The cornea, except for the epithelial oedema in eyes with very high IOP, showed no abnormality.
Fundus
In the period immediately following the occlusion of the VVs, the posterior part of the fundus showed no abnormality. In two eyes followed for 28 days, patches of chorio-retinal lesions, with granular pigmentary disturbance, were seen near the equator. In one of these eyes (with superior temporal, inferior temporal, and superior nasal VVs occluded), these lesions were distributed in the regions of the three occluded veins -a large number of patches in the superior temporal region, and fewest in the inferior temporal sector. In the second eye (with superior temporal, inferior temporal, and inferior nasal VVs occluded) a rounded patch was seen on the temporal side.
Fluorescence fundus angiography Soon after occlusion, the quadrant of the choroid supplied by the unoccluded VV was the first to show fluorescence and filled completely during the early part of the retinal arteriovenous phase (Fig. 4a, b ). This fluorescent area had well-defined margins. In the regions of the occluded VVs, very slow perfusion of the choroid started during the retinal arterial phase; perfusion was patchy during the retinal arterio-venous phase and its distribution tended to be sectoral, with the choroid in the watershed areas of the VVs showing very In these eyes, the major and constant abnormality detected in the anterior segment was the deposition of proteinous material on the anterior lens surface and its accumulation in the AC in about an hour. This produced a gelatinous deposit in the dependent part of the AC. On fluorescence angiography, a marked leak of fluorescein from the posterior chamber in the sector of the occluded veins was seen, which at first produced a localised fluorescence of the involved region. A frank hyphaema was seen in two eyes: in one within an hour of the occlusion and in the other within 24 hours. It was still present when seen 4 days later. Microscopic hyphaema was found to be present more often.
On follow-up for 3 weeks, the anterior segment became normal.
Lens
No abnormality was found in the lens apart from the proteinous deposit on its anterior surface.
Intraocular pressure This was not significantly affected by such an occlusion. Fundus
No lesion was seen in the posterior fundus immediately after the occlusion of the VVs. After 3 weeks, in one eye, two patches of chorio-retinal degeneration were seen near the equator, in the areas of the occluded VVs (superior nasal and inferior temporal). The inferior temporal sector showed a patch of chorio-retinal lesion and prominent choroidal vessels and whitish linear lesions with choroidal atrophy (Fig. 5b) . The superior nasal region showed a small, pale, rounded patch of degeneration.
Fluorescence fundus angiography Soon after the occlusion of the VVs, a very sluggish and poor choroidal circulation was seelu in the areas of the occluded veins, but a normal choroidal circulation in the regions of the unoccluded ones (Figs 5a, 6a, c). Each sector had well-defined margins. The normal areas filled uniformly during either the retinal arterial or the early arterio-venous phase (Figs 5a, 6a, c). The choroid in the region of the occluded VVs did not fill properly till the late retinal arterio-venous phase, leaving well-defined empty watershed zones between the occluded and unoccluded VVs (Fig. 6b) , which did not fill completely till the late retinal-venous phase; thus a complete filling occurred by the late venous phase.
On follow-up of these eyes, the choroidal circulation recovered to normal after about a week. In the area of the chorio-retinal degenerative patch near the equator, almost complete destruction of the choroid was seen, only a few choroidal vessels being present (Fig. 5c) Anterior Chamber The changes in the anterior segment were identical to those seen after occlusion of two veins. The only constant abnormality was the presence of proteinous material on the anterior surface of the lens and in the AC within j to I hour after the occlusion and a gelatinous deposit in the AC. On injection of fluorescein intravenously, a localized fluorescein leak from the posterior chamber into the AC was seen in the occluded sector only.
Intraocular pressure
This was normal in all the eyes.
Lens
No abnormality was found apart from the proteinous deposit on its anterior surface.
Fundus
Examination of the posterior fundus, soon after the occlusion, revealed no abnormality. In an eye followed for 2 I days after the occlusion of the superior temporal VV, the superior temporal sector showed a rounded chorio-retinal degenerative lesion near the equator and another longitudinal hyperpigmented zone midway between the equator and macula. Fluorescence fundus angiography A well-defined sector of very poor and sluggish filling of the choroid was seen in the area of the occluded VV (Fig. 7a, b) . The watershed zones between the normally filled choroid and the poorly filled quadrant were empty and clear-cut (Fig. 7b) . Complete filling of the choroid occurred by the early venous phase while the choroid in the regions of the unoccluded veins had filled uniformly during the arterial phase (Fig. 7) .
In the eye followed for 2 I days, normal filling of the choroid in the region of the occluded VV occurred in about a week. In the area with the chorio-retinal lesion, the choroid showed an absence of filling. _. . . 1 . . i . . . 
Discussion
The arterial blood supply to the uveal vascular bed takes place via the 2-3 posterior ciliary arteries and about 8-io anterior ciliary arteries. The venous drainage from the uveal tract is carried almost entirely by the 3-4 VVs in rhesus monkeys (Hayreh, I964) .
It is generally assumed that the arteries, veins, and chorio-capillaris in the choroid and the rest of the uveal tract communicate freely. Our previous studies have shown that the posterior ciliary arteries have a segmental supply in the choroid (Hayreh, I970, 1971;  Hayreh and Baines, I 972a); there was also evidence that the chorio-capillaris did not form a freely communicating vascular bed but was composed of tiny independent zones, arranged in a form of a mosaic, and the adjacent zones showed no evidence of communication with one another. Interestingly enough, the VVs have also revealed segmental distribution in the choroid, as judged from our present study. The arterial and venous segments in the choroid do not have exactly the same distribution.
The following is a detailed description of the pathological changes seen in the various ocular tissues following occlusion of the various VVs.
CHOROIDAL CIRCULATION
On intravenous fluorescein fundus angiography, the choroidal vascular bed normally starts to fill during the pre-retinal arterial phase and the filling is complete by the retinal arterial or early arterio-venous phase. When all the VVs in an eye were occluded, however, the choroidal bed showed no filling at all until the arterio-venous phase (Fig. 2) . Even the choroidal perfusion was extremely sluggish and patchy, so that complete filling of the choroidal bed did not occur even by the end of the retinal venous phase; the temporal part of the choroid filled earlier than the nasal part, and the territory of one VV could fill before that of another. This delay in the filling of the choroidal vascular bed is primarily due to back pressure in the uveal vascular bed as a result of complete blockage of its outlet; the raised IOP is also to some extent a contributory factor (Hayreh, I969; Hayreh, Revie, and Edwards, I 970).
On occluding three VVs, angiography showed normal filling of a well-defined quadrant of the choroid corresponding to the unoccluded VV (Fig. 4a, b) . The choroid drained by the occluded VVs started to fill slowly during the late retinal arterial phase and the filling was not complete till the late retinal venous phase. Similarly, eyes with occlusion of one or two VVs (Figs 5a, 6a, c, 7) showed in the choroid either a well-defined quadrantic normal filling, or a very sluggish filling, according to whether the VV was unoccluded or occluded. The watershed zones between the various VVs were well-defined and were the last to fill (Figs 2c, 4c, 6b, 7b) . The fact that the chorio-capillaris in the watershed zones did not fill until very late, while the chorio-capillaris on either side (Figs 2c, 4c, 6b, 7b) The watershed zone between the upper and lower VVs in the eyes of rhesus monkeys mostly passed horizontally through the macula and optic disc region (Figs 4c, 5a, 6c, 7a) , while that between the temporal and nasal veins in the majority passed vertically either slightly temporal to the peripapillary region or through the temporal peripapillary choroid (Figs 2c, 5a, 6b, c, 7) . Sometimes the choroidal territory of the various VVs may 227 group.bmj.com on October 29, 2017 -Published by http://bjo.bmj.com/ Downloaded from not be of the same size and also not completely quadrantic, depending upon the size and number of VVs in an eye.
On follow-up, the choroidal perfusion in the region of the occluded VVs was restored to normal in i week after the occlusion of one or two VVs, and in 2 weeks after the occlusion of three veins. It was not possible to determine the time taken for such a restoration of choroidal perfusion after occlusion of all the VVs because hyphaema lasted for a few weeks and later on there were cataractous changes in half of the cases; however, it was normal when seen after about 3 months (Fig. 3) . The exact mode of this restoration of the VV outflow is not known. Koster (I895), in his studies of occlusion of all the VVs in rabbits, found after injection of Berlin blue gelatine, that the occluded VVs established small collateral vessels at their point of exit from the sclera; the collateral vessels went forwards and backwards to the adjacent muscles. He also recorded the presence of enlarged collateral vessels between the choroidal and retinal vessels around the optic nerve, but did not find any collaterals between the ciliary body and the overlying episcleral plexus or muscles. Our silicone rubber perfusion studies have not been conclusive in this respect, except that in some of the eyes, after silicone injection, the normal stem of the VV outside the globe was seen to have re-formed in spite of its having been cut with a cautery at the time of occlusion. We found no other collateral of any significance between the VVs and the extraocular venous channels.
FUNDUS
Immediately after occlusion of the VVs no lesions were seen in the posterior part of the fundus. The equatorial and peripheral parts of the fundus could not usually be properly examined.
Histological studies immediately after the occlusion have shown a markedly engorged choroidal bed and even choroidal and suprachoroidal haemorrhages in the region of the occluded VVs (Fig. 8) .
On follow-up, patches of chorio-retinal atrophy were seen near the equator in the region of the occluded VV (in one eye each with occlusion of four, two, and one VV, and two eyes with three VVs occluded) (Fig. 5b, c) . In some of the remaining eyes such lesions could have been missed because of the difficulty in examining the peripheral part of the fundus in these eyes. On angiography, these lesions show marked destruction of the choroidal vascular bed (Fig. 5c ). We feel that the chorio-retinal lesions are secondary to the choroidal haemorrhages seen in these eyes.
Sachsenweger and Lukoff (i959) described the occurrence of a flat, circumscribed or mould-like retinal detachment after the occlusion of two or three VVs in dogs and a total retinal detachment after the occlusion of four VVs. The latter group also had intrachoroidal and subretinal haemorrhage. Koster (i 895) found histological evidence of retinal detachment in some eyes after occlusion of two to four VVs in rabbits and a total detachment 4 months after occlusion of four VVs. All of these workers reported the presence of subretinal transudate in their retinal detachments which was considered to be due to venous congestion by Sachsenweger and Lukoff (I959). Similarly, de Faria and Silva (I950) In the present study no clinical or histological evidence of choroidal detachment was seen in any eye.
Histological examination of some discs with all or three VVs occluded showed in a few cases some evidence of cupping and atrophy of the optic disc. Ophthalmoscopically, no definite optic atrophyor cupping could be detected in eyes with raised IOP. Koster (I895) and Sachsenweger and Lukoff (1959) reported the presence of a hyperaemic optic disc and distended retinal veins soon after the occlusion of all the VVs when the IOP was very high. We feel that the fundus changes described by these authors were secondary to the marked ocular hypertension. Koster (1895) found these discs to become pale eventually, with gliosis of the optic nerve.
CILIARY PROCESSES AND CILIARY BODY
In the present study, the main brunt of this uveal venous congestion induced by the VV occlusion was borne by the vessels in the ciliary processes. Histological examination of the eyes, soon after the occlusion of the VVs, revealed marked vascular congestion and dilated vessels in the ciliary processes (Fig. 9) ; some eyes even showed the presence of thin-walled blood cysts on the ciliary processes (Fig. ga) . The area affected depended upon the VV occluded, because each vein had a segmental distribution in the ciliary processes as well. When all the veins were occluded, the fine blood vessels under the ciliary epithelium ruptured in the majority of the eyes within a period of from a few minutes up to about 3 hours after occlusion. This produced bleeding into the posterior chamber which escaped via the pupil and led to a hyphaema in the AC (Fig. ga) . When three VVs were occluded, such a bleeding was seen in four of nine eyes, (or in four of five eyes followed-up for more than 24 hours), while it was seen in two of twelve eyes on occluding two VVs, but in none after occlusion of one VV. In eyes with occlusion of three and two VVs, the hyphaema was not only less frequent but also less marked than after occlusion of four VVs. The hyphaema cleared in the former eyes in a week and in the latter in 2 to 5 weeks. The occurrence of hyphaema with occlusion of all the VVs was also seen by Leber (I873), Weber (1877) , and Koster (I895) in rabbits, but none was observed by Sachsenweger and Lukoff (I959) in dogs.
In all the eyes of this series, immediately after occlusion, and before the appearance of any hyphaema, thick protein-rich fluid extended from the ciliary processes in the sector drained by the occluded VV; this exudate coated the anterior surface of the lens. In the AC, the protein-rich aqueous resulted in the formation of a gelatinous cobweb-like deposit in its dependent part. It would thus appear that a marked rise in blood pressure in the capillaries of the ciliary processes results in the outpouring of protein-rich aqueous. Histological examination of some of these eyes revealed ciliary epithelial cysts projecting into the posterior chamber (Fig. gb) . Possibly sluggish circulation, by producing defective oxygenation of the ciliary epithelium, could be another contributory factor in the breakdown of the blood-aqueous barrier, resulting in the production of protein-rich aqueous. Soon after the injection of intravenous fluorescein, profuse leakage of fluorescein from the involved sector only was seen; this was at first localized to the involved sector of the pupil and AC but progressively became more prominent and diffuse (Fig. I I) . The blood, protein-rich aqueous, and fluorescein from the posterior chamber passed through the pupil on to the anterior lens surface and AC, but none was seen in the vitreous or on the posterior lens surface. The vitreous in all eyes was clear. On follow-up, the protein-rich aqueous cleared with the return to normal of the uveal circulation. The iris-lens diaphragm moved forward significantly in eyes with occlusion of all or three VVs, because there was an increase in the volume of the posterior compartment of the eye, following marked venous congestion in the choroidal vascular bed. This resulted in a shallow AC -shallower after occlusion of all the VVs than after three veins (Fig. I) . On follow-up, in three of six eyes with all the VVs occluded, the AC was found to be absent after the hyphaema had cleared and it never re-formed, while in the remaining three eyes the depth of the AC became nearly normal after the hyphaema had cleared. In eyes with occlusion of two or one VV, no significant change in the depth of the AC was noticed. The findings of Koster (1895) were similar.
INTRAOCULAR PRESSURE
The findings of previous workers are summarized in Table III . In the present series, eyes with occlusion of all or three VVs showed immediately after occlusion a marked rise in the IOP, being about 40 to 6o mm. Hg after occlusion of all the VVs, and about 30 to 40 mm. Hg after occlusion of three VVs; but no significant rise in IOP was recorded after occlusion of two or one VV. This rise in pressure was not related to hyphaema, because the IOP rose as much in eyes without as those with hyphaema. Similarly, the protein-rich aqueous seemed to play no role in the rise in IOP because the eyes with occlusion of one or two VVs had a large amount of gelatinous deposit in the AC without any rise in the IOP. In the eyes with elevated IOP, the angle of the AC was very narrow, and it could have been blocked in most of them by a forward shift in the iris-lens diaphragm and engorgement of the ciliary body and iris, because of marked venous congestion in the entire uveal tissue.
On the day after the occlusion, the IOP was either the same as or even higher than the immediate postocclusion pressure. After one week a fall in the IOP had set in, so that it returned to near normal in eyes with occlusion of all the VVs and to unrecordably low levels in eyes with occlusion ofthree VVs; the eyes with occlusion ofall the veins dropped to an unrecordable level in 2 weeks. Having reached the lowest level, the IOP started to recover; this occurred within 2 weeks after occlusion of three VVs. In eyes with occlusion of four VVs, however, the recovery of the IOP depended upon the state of the AC, i.e. if the AC was absent the eye had permanent marked hypotony, but if the AC was present the recovery started after an interval of more than 2 weeks. The IOP in these eyes did not recover completely but remained subnormal during the period of follow-up. Histological studies showed evidence of atrophy of the ciliary processes and ciliary body in these eyes (Fig. io, overleaf) .
IRIS
The iris was markedly hyperaemic soon after the occlusion of all or three VVs. With occlusion of one to three VVs, there was sectoral hyperaemia of the iris corresponding to the occluded VVs. The findings of Leber (I873), Koster (I895) , and Sachsenweger and Lukoff (I959) were similar.
On follow-up, in the three eyes with all the veins occluded and an absent AC, there were anterior and posterior synechiae with iris atrophy and rubeosis; the clinical appearance resembling that of an eye with long-standing chronic anterior uveitis. In one of the eyes with three VVs occluded, posterior synechiae and sectoral iris atrophy were present. Koster (i 895) also found these changes in eyes after occlusion of all the VVs in rabbits.
LENS
In all the eyes the lens, soon after occlusion of the various VVs, had a proteinous deposit on its anterior surface. During a follow-up period of up to 4 weeks, the deposit cleared without leaving any lens abnormalities in any eye except those with all the VVs occluded. During follow-up, all the eyes with all the VVs occluded showed pigment deposit on the anterior lens surface; in three of these eyes with an absent AC and permanent ocular hypotony, the lens became completely cataractous within 5 weeks (Fig. I b) . Koster (I895) reported the development of lens opacities in only those eyes which had all the VVs occluded; the changes appeared at first in the anterior cortex of the lens and later resulted in a complete cataract 14, I9, 38, and go days after the occlusion. The cataractous change is evidently secondary to impaired nutrition due to degeneration of the ciliary epithelium and ciliary body, as shown by histological studies.
CORNEA
Epithelial oedema was seen when the IOP was very high in eyes with all or three VVs occluded. On follow-up, stromal clouding and vascularization by radial vessels from the limbus was seen in three eyes with all the VVs occluded. Two of these had no AC.
Koster (i 895) also noticed a similar corneal vascularization after occlusion of all the VVs and likened it to that of interstitial keratitis, with a gradually progressive pannus from the limbus towards the centre. We feel that the corneal changes are secondary to the changes in the IOP and AC.
The degenerative changes seen in the lens and anterior segment of the eye in these monkeys (particularly in those with occlusion of all the VVs) resemble very much those seen in patients with long-standing anterior uveitis. Almost all the pathological changes in the anterior segment of the monkey eyes depend upon the changes in the AC (e.g. protein-rich aqueous, hyphaema, shallow or absent AC), which in turn are secondary to marked disturbances of the uveal circulation associated with the changes in the ciliary processes and the forward displacement of the iris-lens diaphragm. Clinical significance The finding in the anterior chamber after VV occlusion of thick flare or thick gelatinous deposit and hyperaemia of the iris in these eyes mimics perfectly the syndrome diagnosed in patients as non-granulomatous iritis of sudden onset. It is probable that some of the patients in the latter category might, in fact, be cases of occlusion of one VV or more. Intravenous fluorescein injection can be a useful test in such cases to diagnose and determine whether VV occlusion has occurred. Similarly, some of the patients with obscure hyphaema of sudden onset could belong to this category.
Eighteen eyes were followed for periods of up to 3 months. The occlusion produced immediate venous congestion and stasis in the segment of the uveal tract drained by the occluded vein. The vessels in the ciliary processes were most affected by the occlusion which resulted in the production of protein-rich aqueous and, on occlusion of two, three, or all VVs, additional haemorrhages were seen, resulting in hyphaemata-the more VVs were occluded, the more frequent were the hyphaemata. In cases with occlusion of three or all VVs forward movement of the iris-lens diaphragm was associated with raised intraocular pressure and a shallow or absent anterior chamber; these eyes later developed degenerative changes, e.g. iris atrophy with anterior and posterior synechiae, cataractous lens, vascularized cornea, and atrophy of the ciliary processes with ocular hypotony. On follow-up, normal uveal circulation was re-established after i or 2 weeks or longer, depending upon the number of VVs occluded. Clinically, VV occlusion can mimic non-granulomatous anterior uveitis and some of these cases resemble the syndrome of anterior segment ischaemia. The pathogenesis of some of the major complications of retinal detachment surgery is discussed in the light of the findings.
